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U.S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF EXPERIMENT STATIONS, 
Washington, D. C., March 6, 1894. 
Srr: I have the honor to transmit herewith for publication as a 
Farmers’ Bulletin an article on fertilizers for cotton, compiled by J. M. 
McBryde, PH. D., from accounts of experiments carried on under his 
direction for several years on the farms of the South Carolina Experi- 
ment Station. It is believed that the wide circulation of this informa- 
tion in the Southern States will do much to prevent unnecessary 
expenditures for commercial fertilizers, which now constitute a great 
burden on the cotton planters, 
Respectfully, 
A. C, TRUE, 
Director. 
Hon. J. STERLING Morton, 
Secretary of Agriculture. 
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FERTILIZERS FOR COTTON. 


INTRODUCTORY, 


We have reason to believe from extended observation and experience 
in the field that hundreds of thousands of dollars are annually wasted 
by farmers in the lavish and injudicious application of fertilizers on 
cotton. In soils abounding in potash, potassie fertilizers, such as kai- 
nit, muriate of potash, ete., are often unnecessarily applied at a cost 
amounting to $4 or $5 per acre. It is especially timely at this season, 
when the farmers are about to plant their crops for the year, to discuss 
the manurial requirements of cotton, and to give in condensed form 
the results of careful and long-continued experiments bearing directly 
upon this question. The subject is so broad as to require subdivision. 
It will, therefore, be discussed under the following heads: Does cotton 
require potash, phosphoric acid, and nitrogen? If so, in what amounts 
and in what forms? Does it need lime? Will copperas prevent its 
rusting? At what time or times should nitrate of soda be applied? 
How should the fertilizers be applied? 


DOES COTTON REQUIRE POTASH, PHOSPHORIC ACID, AND NITROGEN? 


It is now held that potash, phosphoric acid, and nitrogen are the 
three most important constituents of manures, and the only ones gener- 
ally called for by soils. In most soils there is a sufficiency of the other 
elements of plant food—such as lime, magnesia, soda, sulphur, iron, 
etc. In a limited number, lime is sometimes deficient. It can, how- 
ever, be easily supplied by cheap forms of calcareous manures. 

In beginning experimental work bearing upon these questions a few 
years ago, when director at the South Carolina Experiment Station, we 
had little in the way of published information to guide us. It was gen- 
erally believed that cotton required phosphoric acid, but opinion was 
divided as to the importance of potash and nitrogen. In deciding upon 
the amount of each constituent to be used in our tests several courses 
were open to us: To take arbitrary amounts of each; to accept the per- 
centages of the ammoniated acid phosphates offered for sale in our mar- 
kets; or to employ the amounts contained, according to analysis, in a 
crop yielding a given weight of lint per acre. The last was preferred 
as offering a convenient working hypothesis, with the full knowledge 
of the fact that in determining the manurial requirements of any crop 
7 











8 


analysis is not an infallible guide. It was considered better, how- 
ever, than a mere rule of thumb. 

We found, to our disappointment, that the published analyses of the 
parts of the cotton plant were, with the exception of those of the seed, 
all old and probably unreliable. We were obliged to use them in lieu 
of anything better, but began at once an elaborate series of analyses 
and determinations of our own. 

According to the old analyses, the plants of a crop of cotton yielding 
300 pounds of lint per acre contain 52 pounds of nitrogen, 26 pounds 
of phosphoric acid, and 48 poundsof potash. Theseamounts weassumed 
to be the full applications or doses required to produce a crop giving 
300 pounds of lint peracre. Where not otherwise stated, these amounts 
were supplied as follows: The nitrogen by 330 pounds of nitrate of soda 
(containing 16 per cent of nitrogen); the phosphoric acid by acid phos- 
phate (containing 16 per cent of phosphoric acid—about 15 per cent 
available and 1 per cent insoluble); the potash by muriate of potash 
(containing 50 per cent of potash). 

In the following pages the full dose of any constituent is conveniently 
represented by the numeral 1 placed before its name; 1 nitrogen, for 
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example, means 52 pounds nitrogen (furnished by 330 pounds of nitrate 
of soda, etc.), 1 potash means 48 pounds of potash, ete. Smaller or 
larger amounts are expressed in the same way: 2 phosphoric acid 
means a double dose or 52 pounds of phosphoric acid, 4 potash means 
the half dose or 24 pounds of potash, ete. 

Several plats were left unfertilized, some received only one constit- 
uent, others received two constituents, and others, again, all three con- 
stituents. The full dose of a constituent was used inevery case. Each 
test was continued on the same plats from year to year. Every test 
was carefully duplicated, the two plats being separated from each 
other in the experimental field by considerable intervals. 

The station had two farms, situated in different sections of the State. 
Every test was separately made at each farm and carefully repeated 


for three years. 


This duplication and repetition gave us valuable data 


for verifying and correcting results. The missing plants in every plat 
were carefully determined and allowed for in order to reduce the plats 
to a uniform stand. By close observation the amount of error incident 
to the work—errors due to differences in the mechanical and chemical 
condition of the soils in the plats employed and numerous accidental 
causes—was accurately determined. This error averaged +30 pounds 
of lint cotton per acre for the three farms in 1888, +32 pounds in 1889, 
and +32 pounds in 1890, making an average of +31 pounds for the 


three years. 


From an examination of the soils of the two farms and inquiry as to 
their history it was assumed, at the beginning of our tests, that the 
particular soils to be experimented on would give, without manures of 
any kind, about 50 pounds of lint per acre. The results showed that 


the unfertilized plats, thoroughly prepared and cultivated, gave some- 
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what better returns than this. The soils selected were very thin, being 
greatly exhausted by years of improvident tillage. 

The agreement in the results of the tests on the two farms is so 
remarkably close as to show the controlling influence of the plant, and 
therefore to justify us in using the combined averages of the two farms: 


Combined annual average yields of lint per acre on two farms for three years. 





| Average 
1888. | 1889. 1890. of thrve 
years. 


Fertilizer. 








—_— SS} SS 


Pounds. Pounds. , Pounds.| Pounds. 







MMREIINONE conigsd usu toncaaevedesedsseusaddenudtaddae waaaaies) 98 | 83 73 85 

Fertilized with— | | i | 
MME tec ccd cvedeenen be vebondantetecdececudsamenemuas | 120 | 83 91 98 
PRON DUGTIO BOM sn cacngccednesctdwaccsnnentetacevornsoaas | 168 156 154 159 
URMIMNET TJ. pt ccd Baa hades ca siee ences sien e Ealsae mea cenee | 109 | 73 114 99 
Potash and phosphoric acid ...........2..2c0e0---seeeee- 191 | 192 171 185 
Gy BE IIIs o.oo acnccancccedsddvacseadveiscureass 180 | 161 168 170 
Phosphoric acid and nitrogen...........0..-.ceecceeceees 203 | 206 240 216 
Potash, phosphoric acid, and nitrogen............-.-..-- 298 | 316 389 318 





Taking the averages of the unfertilized plats as unity, the compara- 
tive average results of the several applications for the three years can 
be conveniently shown as foilows: 


Comparative average yields of lint for three years. 


















Fertilizer. | Upper | Lower | Two 
| farm. farm. farms. 
eat cece tet eat | 
ee |... Jc cceeesuckuws Qo eendeseasenquddne pedbdatiadensanaaaaean 1.00 1,00 1. 00 
Fertilized with— 

MMR eon va cesinen ene se Sanwa se necnkey Janeen eae ce age teens | 0.96 | 1.31 | 1.14 
Phosphorie acid 2. 00 | 1.78 1. 89 
il REIT LE T AAROI REE REESE NE AG Bi 158| 0.83 | 1.20 
Pitaeth AT PRON ROEIO GONG 6 oo cseccccssenccerdas ame nsun access acasss 2.19 | 2.16 | 217 
Dis MOM TARIORCD . Acca ncecacaccasccanweneeetegeasamanhuadawras 1.93 | 2.05 1.99 
Phosphoric acid and nitrogen ............sccccssorccccccccceccncece 2. 74 | 2. 40 | 2.54 
Potash, phosphoric acid, and nitrogen .......-.-.------2-----eeee- 4.02 | 3. 52 3.77 


| 





The combination of potash, phosphoric acid, and nitrogen gave an 
average increase, as compared with the averages of unfertilized plats, 
of 300 per cent at the upper farm and 250 per cent at the lower, and 
an average yield of about 100 pounds more lint per acre than any com- 
bination of two of these materials. The figures leave no doubt as to 
the importance of potash, phosphoric acid, and nitrogen to cotton. 

A careful study of the detailed results of the tests may be condensed 
into the following table, which shows the gain in pounds of lint per 
acre afforded by adding any one constituent to the unfertilized plats, 
or to either of the other constituents, or to both: 


Increase in yield of lint per acre from applying each of the fertilizing constituents alone 
or combined with the other two. 





| | | Potash Potash Phospho- 
Fertilizing constituent Unfertil- Potash Phospho-/witpooen | and phos- g ric acid 
added. ized. | “~” | Tie acid. |~ 5" "| phoric and nitro- 


| jand nitro- 
} | acid. ren. 
| | | acid | gen 


gen. 





| | 
Pounds. | Pounds.| Pounds.| Pounds. | Pounds. | Pounds. | Pounds 
13 71 | 10 





MMM cc ve cxcacvsasccaarens|!  «  SOvlesaedanectel 26 | 71 
Nitrogen a eccauces sevcceseces | 14 | 72 | 57 leecesec--9 
Phosphoric acid..........+--- | 74 | ST levancasces 1 


=| 
| | | | | 
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It will be seen that the nitrogen gave better results than the potash, 
and the phosphoric acid better results than the nitrogen. Taking the 
combined average of the combination of any two of the constituents ag 
one, the effect of adding the third may be expressed as follows: Pot. 
ash 1.47, nitrogen 1.72, phosphoric acid 1.87. Itis clear from these 
figures that phosphoric acid was of greater relative importance to the 
cotton crop than nitrogen, and nitrogen of more importance than potash, 


PROPORTIONS AND AMOUNTS OF POTASH, PHOSPHORIC ACID, AND 
NITROGEN REQUIRED. 

Our applications, it will be remembered, were intended for a crop 
yielding 300 pounds of lint peracre. While the results of the foregoing 
tests leave no doubt as to the importance of potash, phosphoric acid, 
and nitrogen, it does not necessarily follow that the amounts supplied 
were the right ones. The full or theoretical dose may well have been 
too small on the one hand or too large on the other. In order to deter. 
mine this point other series of experiments were carried on in which 
different amounts of each constituent were employed. In one series 
different amounts of potash were used with full doses of the other con- 
stituents; in another series the phosphoric acid, and in a third the nitro. 
gen varied, the other two remaining the same. Tor convenience the 
two constituents remaining fixed (as to amounts used) in a series may 
be called the constants, and the one changing the variant. In stating 
the results the average yield of lint per acre for the two farms for the 
three years is given. 

POTASH, 

In this series phosphoric acid and nitrogen were the constants and 
potash the variant. Full, double, and half doses (48 pounds, 96 pounds, 
and 24 pounds) of potash were tested, with full doses of phosphoric 
acid and nitrogen, with the following results: 


Pounds, 
SEMAN ioe are xi estw canis mip va cine w a nie\anide anu aon eeaeaalomepioms caeisessen eee 
MOI a > coe dsatcinwioiae Nowe wc wes's slacinie'e soaeo> Sec ree walse iaeia aioe awa 318 
PORN a ccinwbeccmmags caus chdvewce tc bene eaesauecewenee ae sient 294 


It will be seen that the double dose gave only 9 pounds more than 
the full dose, and the latter only 24 pounds more than the half dose, 
The average probable error for the two farms amounted to +31 pounds 
of lint per acre. It appears, therefore, that the several amounts gave 
about the same average results. It has already been mentioned that 
the potash in this series of tests was supplied by muriate of potash. In 
another series—which will be discussed later on—undertaken for the 
purpose of determining the relative values of the several kinds of pot- 
assic manures, different amounts of potash were also tested in the form 
of kainit and sulphate of potash. The full dose of potash in the kainit 
gave 331 pounds and the half dose 332 pounds; the full dose in sulphate 
of potash gave 322 pounds and the half dose 295 pounds. With kainit 
there was a difference of 1 pound in favor of the half dose; with the sul- 
phate of potash, a difference of 27 pounds in favor of the full dose. 
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The results of the one series strongly support those of the other, and 
we must, therefore, conclude that the full and double doses of potash 
were excessive. 

PHOSPHORIC ACID, 

In this series potash and nitrogen were the constants and phosphoric 
acid the variant. Full, double, and half doses (26 pounds, 52 pounds, 
and 13 pounds) were tested together with full doses of potash and nitro- 
gen. ‘The phosphoric acid was supplied by acid phosphate. 


Pounds. 
2 GHOSPHOVIE ROME. ae cease aca v cesar se sewnosaeadeneeiea saa oeeeea ieee 
BORD OLIGO ROL oiorne ov hoa in aia Siren yo aise ae api da ile kee ane 
# DNORDNORIO HOME oa scin cco cons «cca an acne aste se aaene ase meneame 277 


The mean difference between the averages of the double and full 
doses was 68 pounds for the two farms. The difference between the full 
and half doses averaged 41 pounds for the two farms. Increasing the 
dose by 100 per cent seems to have been attended with a correspond- 
ing increase of from 65 to 75 pounds of lint. Indeed, increasing the 
amount of phosphorie acid produced marked effects at the two farms 
both in this series and in another series of experiments with different 
phosphatic fertilizers. In the latter series the full dose of phosphoric 
acid in reduced phosphate (see p. 16) averaged 44 pounds more lint than 
the half dose for the two farms. It follows, therefore, that double doses 
of phosphoric acid can be advantageously employed. 

NITROGEN. 

In this series nitrogen was tke variant and phosphoric acid and 
potash the constants. As nitrogen is the most expensive constituent 
of fertilizers, it was thought advisable to test it in several different 
proportions, with full doses of the others. The nitrogen was supplied 
by nitrate of soda. The full dose amounted to 52 pounds. 


Pounds. 
DO -DHRO RON 5c cca he wcwin cemieeee succscweaeeee,deaus cum a wentaennele oma ae 
PE Wi PGRO cc xa 5 < oni ge oon sciases deesenc soaeeas caes ener es sara eae ee 
INE Soon! oo dren mo 6 doa area ee alae ae aren tee alan aa ee ee 318 
SMIUTOGON: 22 oon. cece ns cnc acne cscmce sescereswessensensacus sseas 316 
PRULOLOR codcesdiees ccovatiosseonede tdedev esas sedate vesesmouueeas 269 
Pe RIGORON «con ds ca socscewacccvicesecnes dadocssaaslsoenesa-eauaeeaeenn 


The close parallelism between the results of the tests at the two 
farms was remarkable. It will be seen that the full and three-quarter 
doses gave almost exactly the same combined averages—348 pounds 
and 316 pounds, respectively—and better results than the heavier 
doses, which probably lowered the yield, as compared with the full dose, 
by inducing too luxuriant a growth of stem and foliage, or what is 
commonly known as weed. The half dose gave exactly the same yield 
as the double dose. Reducing the dose by more than 50 per cent 
unmistakably diminished the yield, as will appear from a comparison 
of the average of the full and quarter doses. As compared with the 
quarter dose, the half dose does not show an increase suflicient te make 
up for its additional cost. That the full dose of nitrogen was excessive, 
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as compared with the half dose, also appears from the results of another 
series of experiments with different nitrogenous manures in which full 
and half doses of nitrogen were employed. In that series the half dose 
of nitrogen in dried blood gave 6 pounds more lint than the full dose, 
in the cotton-seed meal 33 pounds more, and in the ground cotton seed 
7 pounds more. 

It follows, therefore, that the three-quarter, full, one and one half, 
and double doses were excessive, and that the difference in favor of 
the half dose as compared with the quarter dose was not sufficiently 
large to meet its additional cost. 

The results of the preceding tests taken together show that a crop 
of cotton yielding 300 pounds of lint per acre requires double the full 
or theoretical amount of phosphoric acid, but only about one fourth to 
one half the full amounts of potash and nitrogen. 


DOUBLE DOSES OF TWO CONSTITUENTS, 


In all the foregoing series of tests except one, two of the constitu- 
ents were constants, while the third was increased or diminished. It 
was ddemed advisable, in order to test the effect of increasing the 
amounts of the two minerals (potash and phosphoric acid), or nitrogen 
and one mineral, to carry on another series in which one constituent 
should be taken as the constant and the other two as the variants, 
This series was also intended to be a check upon those discussed above. 
To present the results more clearly, the double doses of the two con- 
stituents will be compared with the double and also with the single 
doses of each. 


Pounds. 
ScVOUBeUANe LiDROSDNOTIC BOLD 5 6: oi\cc(ce claw casls vinocaisbeslesse eves 318 
2 potash andl phosphoric:acid .... <5 :<20. cecsinw:enas sinawesasedsecaet OOo 
Dots BUU 2 PRORPUGIIC BOUL A. <<< se oic)d cs acinncis omens ae von ceasiesa 3386 
SP DOLARN DNG Ls: PUGSBNONIC BCIG «.. <61650.c0sinconeseensinc deueswicccs tes 358 


(1) Double doses of the minerals.—In the tests under this head the 
full dose of nitrogen was used in each case and is, therefore, not men- 
tioned in the comparison. In this and the two following statements of 
results of yield of lint per acre the first three tests are taken from the 
preceding series. 

It is evident that doubling both minerals gave no better returns than 
doubling only the phosphoric acid, for the difference between the aver- 
ages of the two applications did not exceed the probable error at either 
farm. Their beneficial effects as compared with those of the other two 
were doubtless due in both cases to the increased dose of phosphoric 
acid. 

(2) Double doses of nitrogen and potash.—In these tests phosphoric 
acid (full dose) was the constant. 


Pounds. 
Peirirapen And 1nobash:! so o25/ Cans sae teed o ced cee c Sen ewece toate 318 
i mitroren and 2 Patasn = -o55c)sass sewn ssodbiee cee sonGe semesemeusic ven 329 
2 nitrogen-and:1 patel. cas > \ssucloxeh ooo dds eneye ones Sabavasmenes 269 
PRIMCOPON RNG 2 OCIA. 02+ soc cennhs vase aeens sebea andcwced eauteas 268 
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Double doses of nitrogen and potash gave almost exactly the same 
results at each farm as the full or single dose of nitrogen, and both 
applications were inferior to the first two, in which single doses of nitro- 
gen were used. Here, again, there is evidence of the injurious effects 
of excessive doses of nitrogen. The fruit requires phosphoric acid. 
The heavy growth of weed induced by the excess of nitrogen consumes 
a large part of the phosphoric acid, when it is present in limited 
amounts, and the supply fails before the plant has perfected all its fruit. 
The unseasonable growth is also generally checked or destroyed by 
cold weather. It follows from this that whenever heavy amounts of 
nitrogen are employed the phosphoric acid should be correspondingly 
increased. This statement is borne out by the results of the next tests. 

(3) Double doses of nitrogen and phosphoric acid.—Potash (full dose) 
was the constant. The yield of lint per acre was as follows: 


Pounds. 
Euitrogen, 1 phosphoric 861d: os <aicccisddcensiiecedenacducadececlenws 318 
2 axregen, b PHOSBNONIC AOIO. <.0165 55 5esccdcmcnreacamdaenewaeauaened 269 
i nitrogen, 2 pEOsnhorie Sil... <<< se csseccnscosscdecasuanssuaemeas 386 
Saitroven,, S WNGKWNOLIG BOM «662.05 cases vsccede cheesecesessetewdeus 405 


The difference in the effects of the double dose of nitrogen when 
combined with the double dose and the single dose of phosphoric acid 
is very striking and abundantly confirms the point made above. The 
double dose of phosphoric acid gave about the same combined average 
as the double dose of nitrogen and phosphoric acid. Both show de- 
cided gains as compared with the applications containing single doses 
of nitrogen and phosphoric acid, 

The conclusions drawn from the results of the experiments discussed 
under the preceding heads are still further strengthened by the results 
of this series of tests. 

DOUBLE DOSES OF THREE CONSTITUENTS. 


The point may be made, Would not doubling all three constituents 
give better results than doubling any two of them? Our tests answer 
it as follows: 


Pounds. 
1 potash, 1 phosphoric acid, 1 nitrogen ....20 sceccecesecccecsccense DIG 
2 potash, 2 phosphoric acid, 2 nitrogen .........5<. «-sesessesssssee 320 


On comparing their combined averages it is apparent that the two 
applications gave about the same results. It will be asked, Why did 
doubling all three constituents fail to show any increase, when doubling 
the phosphoric acid, or even the phosphoric acid and nitrogen, was of 
such decided benefit to the crop? It can be replied that the excessive 
applications of potassic and nitrogenous salts (muriate of potash and 
nitrate of soda) probably acted injuriously upon the crop, especially in 
the early stages of its growth, and thereby neutralized the beneficial 
effects of the phosphoric acid. The deficiency of the soils in vegeta. 
ble matter seriously affected their relations to heat and moisture and 
unfitted them to respond to heavy applications of commercial fertilizers 
or chemicals. 
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In their advocacy of the intensive system of farming some go so far 
as to claim that “doubling the manure willdoublethe crop.” No amount 
of food will fatten a very lean animal in a few weeks’ time. And 50 
with an impoverished soil. It can not be forced into immediate fertility 
by lavish applications of commercial fertilizers. Its mechanical con- 
dition—its physical properties—must be improved by thorough tillage 
and the addition of vegetable matter. The results of the foregoing 
experiments show the necessity of caution in the use and application of 
manures, for they make it clear that with a given amount of phosporic 
acid only comparatively small doses of potash and nitrogen were needed 
and that all amounts of potash and nitrogen in excess of these doses 
were simply thrown away. 

It will be of interest to compare with the above test another in which 
double doses of the three constituents were employed in connection 
with vegetable matter. Six tons of good stable manure supply the 
full or theoretical doses of the three constituents, together with a large 
amount of humus. Twelve tons will furnish double doses of the three, 
These two amounts were tested in the series of experiments with nitrog- 
enous manures to be discussed later on. Their average results of 
yield of lint per acre may be given here as follows: 


Pounds. 
1 potash, 1 phosphoric acid, 1 nitrogen (stable manure)..........-- 392 
2 potash, 2 phosphoric acid, 2 nitrogen (stable manure)............ 462 


Comparing the combined averages of stable manure and the com- 
mercial fertilizers it will be seen that in the former the single doses 
of the three constituents gave 74 pounds more lint and the double 
doses 142 pounds more than the corresponding doses in the latter. 
The difference in favor of the stable manure is, in large part, attribut- 
able to the beneficial effects of its humus. Comparing, next, the com- 
bined averages of the two applications of stable manure we find that 
doubling the dose, so far from doubling the crop, only gave an increase 
of 70 pounds of lint. The increase was by no means commensurate 
with the increased cost of the application. The results of our tests are 
not opposed to the judicious use of liberal amounts of manures, but 
only to their lavish and unintelligent employment. The enrichment of 
an impoverished soil is the work not of months but of years, and it can 
only be economically accomplished in cur climate by turning under green 
crops and other forms of vegetable matter in connection with applica- 
tions of fertilizers. 

But it may be claimed that heavy applications of fertilizers are cumu- 
lative in their effects and will, therefore, pay in the long run. Our 
observations, covering a period of three years, showed that this was 
not the case at our farms. 

IN WHAT FORMS CAN POTASH, PHOSPHORIC ACID, AND NITROGEN BE 
MOST EFFECTIVELY SUPPLIED? 

Numerous kinds of potassic, phosphatic, and nitrogenous manures 

are now offered for sale in our markets. Under the first head are gen- 
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erally classed wood ashes, cotton-seed hull ashes, kainit, sylvinit, muri- 
ate of potash, and sulphate of potash; under the second, floats, basic 
slag, bone meal, boneblack, dissolved boneblack, acid phosphate or 
superphosphate of lime, and phosphatic guanos; under the third, sul- 
phate of ammonia, nitrate of soda, dried blood, fish scrap, tankage, 
cotton-seed meal, and guanos. When the variety offered is so great 
the determination of the relative values of the several kinds in each 
class becomes a matter of importance. 

Our tests were confined to the kinds commonly used in the South. 
The experiments included tests of potassic manures, tests of phosphatic 
manures, and tests of nitrogenous manures. In each series equivalent 
amounts of the several fertilizers were used, that is, amounts furnish- 
ing the same number of pounds of the given constituent. The per- 
centage of potash, phosphoric acid, or nitrogen in the kinds tested was 
determined beforehand. Care was taken to use liberal amounts in order 
to allow for possible loss in their handling or application. It is known 
that nitrogen, phosphoric acid, and potash are more available (to the 
plant) in some forms than in others. In order to determine this point, 
as well as to check the tests of the preceding series, two amounts of 
each fertilizer were employed—one containing the full and the other 
the half dose of the given constituent. 


POTASSIC MANURES, 


Three kinds of potassic manures were tested—muriate of potash, 
containing 50 per cent of potash, sulphate of potash containing 37 per 
cent of potash, and kainit containing 12 per cent of potash. Equiva- 
lent amounts of each wereemployed. Thecostof the potashin each kind 
will be given later on; here we are only concerned with their effects 
upon the crop. The full doses of phosphoric acid and nitrogen were 
supplied, as in the preceding series, by acid phosphate and nitrogen. 
These two being the constants are omitted for the sake of clearness in 
the statement. The effects of the full dose of potash in the three (potas- 
sic) fertilizers will first be compared. 


Pounds. 
PEMPIUES OE “OGRE i 5 cies us caiccwie cso ccsnceditoesereuele anes wee ates 318 
Sulphate Of  potaah a. oie. . sc cewwiscesssisrses dase swim c ewele wee ecmule 322 
KAI ONG on 5 diverse waeliws we Sales cies aintd's aebiers seiew dame Vee eaeae 331 


The agreement in the combined averages of the three applications is 
very close. 

It. may be objected that potash is possibly less active in some one or 
more of the salts and that the amount of the fertilizer used will there- 
fore affect its results. To meet this point, equivalent amounts supplying 
the half dese of potash were also tested with the following results: 

Pounds. 
ie abe OE WETHER: oni, 6 nceise wi scanerse cies Sowa teed Jawad dada eeaerans 269 


Grabmbenibe-ed eta shi s .iedinicsic cwricwiecrestcmi senna uae Maes diate seine gure cprere 
Kainit ..... satvasmenaceccesssagdedddenedsaddccestaadsieceuareraees Bh 
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The agreement in the combined averages is again close, for the dif. 
ference between those of the kainit and the sulphate does not exceed 
the probable error. 

It follows from these results that the three kinds may be indifferently 
used for supplying the required dose of potash. 

These tests were aiso intended to check those of the preceding 
series. Their results were referred to under that head and it will be 
sufficient to give here only their combined averages. 


Combined average yield of lint per acre for three years. 








aves Muriate | Sulphate rece 
Fertilizer. | of potash. | of potash. Kainit. 
Pounds. | Pounds. | Pounds. 
DUR ems t wane p enaevanicweaviviessuSenweeascssescereerhacersinadeas 318 | 322 331 


DME a rec mcusacascanéacosscscacctasenckeusrseseasmtarcasaescaarel 204 | 295 | 332 








In each case the half dose was practically as effective as the full 


dose. 
PHOSPHATIC MANURES. 


ixperiments with phosphatic manures are not as simple as those 
with potassic. Whatever may be true of potash, it is certain that some 
forms of phosphoric acid are more soluble, and hence more available 
to the plant, than others. In acid phosphate, dissolved boneblack, ete., 
the phosphoric acid is readily soluble; in reduced or precipitated phos- 
phate it is slowly soluble; in basic slag, floats, coarse bones, ete., it is 
insoluble (in water or weak acids). Our experiments bear upon the 
relative values of these three classes of phosphatic manures. 

Three forms of phosphoric acid are recognized by the fertilizer con- 
trol stations and have different money values assigned them—the 
soluble, the reverted (slowly soluble), and the insoluble. The first two 
are generally classed together as available. There is great difference 
of opinion as to the relative agricultural value of these three forms. 
For a time it was held that to be of value to the plant phosphoric acid 
must be readily soluble, hence the slowly soluble form was held to be 
of little account. Afterwards it was discovered that the soluble form 
when applied to the soil was precipitated by its bases, such as alumina, 
iron, etc., and converted into the dicalcic or slowly soluble form, also 
called the reduced or reverted. Some contend that the precipitated or 
reverted acid is, for this reason, as available to the plant as the soluble. 
It is replied that the solubility of a fertilizer is largely determined by 
its fineness of division, and, granting that the soluble acid is imme- 
diately dissolved by the waters of the soil and precipitated, this solu- 
tion and subsequent precipitation secures a thoroughness of distribu- 
tion and fineness of division that can not be effected by mechanical 
means. The advocates of the reverted acid urge, however, that the 
soluble form is often taken up by the crop before it is precipitated and 
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that its acidity is injurious to the plant. In favor of the basic or 
insoluble form it is asserted thatit is gradually dissolved by the reagents 
of the soil and rendered available and that it is consequently of value 
to crops of comparatively slow growth. It is of interest, therefore, to 
collect data bearing upon these points. 

All three forms of phosphoric acid were tested at the twofarms. The 
soluble form was supplied by acid phosphate containing 16 per cent 
total phosphoric acid (about 11 per cent soluble, 34 per cent reverted, 
and 1? per centinsoluble), The reverted form was supplied by reduced 
phosphate. This was made by mixing acid phosphate and floats in the 
proportion of: 2 pounds of the former to 1 pound of the latter and 
allowing the mixture to stand for some weeks until the soluble phos- 
phorie acid was precipitated. The reduced phosphate contained 19.5 
per cent total phosphoric acid (about 10 per cent available, the rest 
insoluble). The insoluble form was supplied by basie slag, containing 
21.5 per cent phosphoric acid, and also by floats, containing 26.5 per 
ceut phosphoric acid. It is claimed for the slag that its phosphoric acid 
is more easily rendered available by the solvents of the soil than other 
insoluble forms. 

The acid phosphate contains, in addition to its phosphate of lime, a 
large amount of sulphate of lime. This sulphate sometimes acts bene- 
ficially on certain soils on account of its lime. Hence it is usual in 
experiments with different classes of phosphatic manures to have one 
or more plats dressed with plaster or sulphate of lime in order to test 
the relations of the soil to lime. As we had a series of tests of caleare- 
ous manures running alongside of this one which bore on this very 
point, sulphate of lime plats were omitted. Such amounts of the 
different phosphatic fertilizers were used as would supply the full dose 
(26 pounds) and also the half dose (13 pounds) of phosphoric acid. 
These were employed with full doses of potash and nitrogen. Compar- 
ing, first, the effects of the full dose of phosphoric acid in different 
forms, we have: 


Pounds. 
BOIG GRORBHEIG go oes occacdde cco cucdocds woe adedauaeeeve sveseaeeee 318 
Reduced phosphate. :..ccc oi dccswwavecececieswocdewetereecesaseeeuee 249 
POD /s-0ds veins Seincials Caw mdcimdianeinew eo wclea da eels sania a tee saree 204 
TSRBIG GIDE «cis cin os) 05's w nis winieiy cia dswis wis aa a Salvia alain, armen 6 a eee aaa 194 


The two insoluble phosphates—slag and floats—gave about the same 
average results. As compared with their combined averages the re- 
duced phosphate shows a gain of about 45 pounds of lint. The acid 
phosphate gave 69 pounds more than the reduced phosphate and 112 
pounds more than the floats. It is clear that the results were directly 
proportionate to the solubility of the phosphoric acid—the more solu- 
ble the acid the larger the average yield of lint. The floats and slag 
gave no better results than acid phosphate (with soluble phosphoric 
acid) and potash without nitrogen, or acid phosphate and nitrogen 
without potash. 
17873—No. 14———2 
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The half doses of phosphorie acid gave the following results: 


Pounds, 
MCI RORDURUD nnka bone cahe cesewacn dose wean eee saaeaancnomesanaose OONe 
MIO GHA CDRORDMING 025615 vdie neue treed cau bie cebin cvs sameewre susie ss aes ee 
EOARHe Waccdcmcnasaceuaawana cana ts sues wevaer cca ecdaleamiscadd sae 171 


PAC TNI Maio to carla cp sinc Yas nateoe veiniea:s sa vig's ais assists csiasSanacase kOe 


The average results of the half doses agree very closely with those 
of the full doses. The acid phosphate shows 72 pounds more lint 
than the reduced phosphate and 106 pounds more than the floats. 

As to the comparative effects of the full and half doses it appears that 
in the insoluble forms, floats and slag, one dose was about as effective 
as the other, both being apparently of little benefit to the crop; for 
allowance must be made for the nitrogen and potash with which they 
were combined. In the slowly soluble form, reduced phosphate, the 
full dose gave 44 pounds more than the half dose; in the soluble form, 
acid phosphate, it gave 31 pounds more than the half dose, 

NITROGENOUS MANURES. 

Two forms of nitrogen are recognized by agricultural chemists— 
organic nitrogen, contained in matters of vegetable or animal origin, 
such as stable manure, cotton-seed meal, dried blood, fish scrap, ete.; 
and inorganic nitrogen, contained in mineral matters, such as sulphate 
of ammonia, nitrate of soda, nitrate of potash, etc. In the following 
tests the inorganic nitrogen was furnished by nitrate of soda, containing 
16 per cent of nitrogen, and the organic nitrogen by dried blood, con- 
taining 124 per cent of nitrogen, cotton-seed meal containing 7 per cent 
of nitrogen, cotton seed containing 24 per cent of nitrogen, and stable 
manure containing 0.45 per cent of nitrogen. Tests were made of both 
ground and unground cotton seed. Mixed nitrogen (about one half 
organic and one half inorganic) was furnished by a mixture of stable 
manure and nitrate of soda. Cotton-seed meal, cotton seed, and stable 
manure contain also phosphoric acid and potash. Allowance was 
of course made for their percentages of these two constituents. Equiv- 
alent amounts of the several fertilizers were used. Potash and phos- 
phoric acid (full doses) were the constants. 

The full dose of nitrogen in the several erganic manures gave results 
as follows: 


Pounds, 


AIO ONOMINTD noc guldewews ota eadsee sass aessuece aes suaieepemecmue 2. 392 
MUM BLD ONE ooo Fs as cise wae tawce ewe ey cees DRionteas sa pear aes eee 358 
COR BAB IAGIE oo oan ack eine kernanbcenagnes mane Ree eta eae ames 312 
COULON BRON [LETOUNT): occ css dee ceciccssins ebigoieeiaisia wisare weak ieiie miele ace 286 
ORDO BOOE AMP RULO) Siocd vcwecw suey.os aeisidec ch seae saan caesar aes Same 275 


The stable manure gave the best combined average and the dried 
blood the next best. Cotton-seed meal and cotton seed gave very 
nearly the same averages. The whole cotton seed gave just as good 
results as the ground. 


The full doses of nitrogen in the inorganic, mixed, and organic forms 


av’ 


an 
co 
sh 
ay 
th 
Te 
re 
se 
as 


la 


Win 





OS@ 


int 


hat 
ive 
for 
ley 
che 
™, 


19 


may be compared by taking as the representative of the latter the 
average of the five organic manures mentioned above: 


Pounds. 
WIZOG WHINOPON: cciucc ccs c ca ciscdsisacacde ahaddecaguaeda a eucane steae - 395 
COREG NIGORONs S25: cone wcwicns onc scpe sassancuseae samme ese emaumee 325 
FROPPANIG RIGOR OI. sisdo anew Sade wsandw deeccedacaudeneeeee ene ous ee 


The mixed nitrogen, as stated above, was furnished by stable manure 
and nitrate of soda, the inorganic nitrogen by nitrate of soda. This 
comparison favors the mixed nitrogen, and makes the other two forms 
show practically the same combined averages. By referring to the 
averages of the organic manures given above it will be seen, however, 
that in one kind (stable manure) organic nitrogen gave just the same 
results as the mixed nitrogen, and in another (dried blood) better 
results thaninorganic nitrogen; also thatin the other three kinds (cotton- 
seed meal, ground cotton seed, and whole cotton seed) it was about 
as effective as the inorganic form. Itis clear that the stable manure 
largely affected the foregoing comparisons. Wherever used its effects 
were pronounced, and increasingly so from year to year. Six tons of 
stable manure and 3 tons of stable manure mixed with 160 pounds of 
nitrate of soda, both furnishing the full dose of nitrogen (together with 
full doses of potash and phosphoric acid), applied annually upon the 
same plats, greatly improved their physical properties, as will appear 
from the following comparisons of averages for 1838 and 1890: 

At the upper farm the stable manure averaged 236 pounds for 1888 
and 337 pounds for 1890; at the lower farm, 3877 pounds for 1888 and 
536 pounds for 1890, The mixture of stable manure and nitrate of soda 
gave at the upper farm 203 pounds in 1888 and 454 pounds in 1890; at 
the lower, 376 pounds in 1885 and 525 pounds in 1890. Its cumulative 
effects were marked. It is often impossible, however, for the farmer to 
get a sufliciency of stable manure for his entire crop. That a part of 
it can be fully replaced by some other nitrogenous fertilizer clearly 
appears from the following: Six tons of stable manure gave 392 
pounds of lint per acre; 3 tons of stable manure and 160 pounds 
nitrate of soda, 395 pounds. 

t is evident that 160 pounds of nitrate of soda were fully equal in 
its effects to 3 tons of stable manure. For similar reasons to those 
given under the last head, hatf doses of nitrogen were also tested, 


with the following results: 
Pounds. 


MAGE Set EN ia Si ae ei he ee SF atheay 364 
COROT BRE THOR oe ooo ods cc ee Soe oes eteeek bee obec tee eee 343 
Gnound Collen G00 és occscsns cae ccwers usando sueenicomaawenaase vous 275 
WE eatery Ok SG Ries odo ots atten be os areca taal aire 5 amnein @ ee eee See at oe eee 


The dried blood maintained its superiority. The cotton-seed meal 
showed somewhat better results than the ground cotton seed and 
nitrate of soda, which gave about the same combined averages. 

Leaving out the stable manure, and in the comparison of the remain- 
ing nitrogenous fertilizers averaging the results of the full and half 
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doses of each kind (taking it as fully established that the two doseg 
were equally effective), their results may be finally shown as follows; 


Pounds. 
PeeeOOU, Saco on ears ce eas ais SO Ree amit oke Samaee Rea sieies 361 
OTERO INO oo Sk wacidaig G Siw a Gis 'elw Sis ’s era aw am SiGe See asww andes Te 
EEO GRD MONEE 2 oat )e oelca cceeidied oasiddwecese cemwose eet aduiawe 283 
PURGE DE BOO orcs 5 aie once Mela e nine ew es add aioe oa en ei eemane 


The dried blood showed the best average results and the cotton-seed 
meal the next best. The ground cotton seed and nitrate of soda gave 
about the same averages. 

It appears from the results of the tests of this series that organic 
nitrogen gave better results than inorganic; that of the several organic 
fertilizers stable manure was the best and dried blood the next best, 
that the difference between the cotton-seed meal and cotton seed was 
slight, but in favor of the meal, and that there was no difference 
between the ground and whole cotton seed; also that the inorganic 
form, in nitrate of soda, was equally as effective as the organic form in 
cotton seed. 

The comparative effects of the full and half doses of nitrogen in the 
different kinds of nitrogenous manures were referred to in discussing 
the results of the preceding series. They may be given a little more 
fully here. 


Combined average yield of lint per acre on the two farms for three years. 


Cotton- Ground | Nitrate 


cotton ii 
ceed soda, 


Dried 
blood. seed meal. 








Pounds.! Pounds.| Pounds. | Pounds. 
DIN Canc sdawcs ugdwaneaseheuseewedc<enawanns Kadesnasawns 358 312 286 | 318 
cas Neck wae net robe windenuscee peuabe ew sandeep ema amma | 364 343 279 269 


The probable error must be allowed for. There can be no question 
of the equal efficacy of the half dose as compared with the full. The 
results strengthen the conclusions drawn from those of the preceding 
series, to the effect that the half, as well as the full, dose of nitrogen 
was excessive, and the true amount required is to be found somewhere 
between the quarter and half dose. 


CALCAREOUS MANURES,. 


Although it is now held that it is only necessary to return to the 
soil nitrogen, phosphoric acid, and potash, yet a soil may sometimes be 
deficient in lime, and hence need calcareous manures. Again, some 
plants require considerable percentages of lime. In order to ascertain 
whether cotton on the soils of our farms would respond to applica- 
tions of lime, and also to check our series of tests of phosphatic fertili- 
zers, aS explained above, a number of experiments were carried on at 
both farms, alongside of those of this series. Abundant deposits of 
marl, a highly caleareous manure, are found in different parts of the 
South. Hence it was preferred for our tests. The kind used was finely 
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ground and contained 55.4 per cent of lime, together with 2.9 per cent 
phosphoric acid and a trace of potash. The dose of lime required by 
a crop of cotton giving 300 pounds of lint per acre is, according to the 
old analyses, 60 pounds. This amount was furnished by 110 pounds of 
marl. It was added to the full doses of nitrogen, phosphoric acid, 
and potash, with the following results: 


Pounds. 
1 potash, 1 phosphoric acid, and 1 nitrogen....................-.-. 318 
1 potash, 1 phosphoric acid, 1 nitrogen, and 1 lime..............-.. 250 


In these and several other tests made at one or other farms the marl 
failed to show any beneficial effect upon the crop. 

It was stated that the marl contained a small percentage (2.9 per cent) 
of phosphoric acid. While in the number of pounds required to furnish 
the full or double dose of lime the amount of phosphoric acid would be 
insignificant, 450 pounds of marl would furnish 13 pounds of phos- 
phorie acid or half the theoretical amount required, and 900 pounds 
would furnish the full dose. The phosphoric acid in mar! is insoluble. 
In order to supplement the preceding series of experiments with phos. 
phatic manures, by testing more fully the effects of the insoluble phos- 
phoric acid in combination with other fertilizers and when used alone, 
450 pounds of marl per acre were used at the upper farm in combina- 
tion with full doses of potash, phosphoric acid (in acid phosphate), and 
nitrogen (in cotton-seed meal), and 900 pounds per acre were applied 
alone at both farms. On the upper farm the results were as follows: 


Average yield of lint per acre at the upper farm for three years. 


7 | na ; | Three 
| 1888. | 1889. 1890. | years. 








| Pounds. | Pounds.| Pounds.| Pounds. 
1 potash, 1 phosphoric acid, 1 nitrogen ..........seeesseeeee- | 276 | 352 | 307 31 
Same, with addition of 450 pounds of marl............------ | 261 | 341 | 295 299 





The two applications gave about the same returns. The average 
yields on the two farms for three years in pounds of lint per acre were 
as follows: 


Pounds. 
WRUACRNZO 5. oo cconenesccecedeeue s mWieldwia ainicisieclcia vie sideiaid cite ate eaae 85 
1 phosphoric acid and 8 lime (in 900 pounds of marl)..........----- 94 
1 phosphoric acid (in acid phosphate) ...... 2.2... cece ccccce cence 159 


The marl, containing eight times the amount of lime required by the 
given crop, as well as the full dose of phosphoric acid in the insoluble 
form, gave about the same combined average as the unfertilized plats, 
and much poorer returns than the full dose of soluble phosphoric acid 
in acid phosphate. 

It appears, therefore, from the results of these tests, as well as from 
those of the preceding series, that insoluble phosphoric acid, whether 
supplied by basic slag, floats, or marl, is inferior to the soluble phos- 
phoric acid in the acid phosphate, and of little value to cotton. 
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In all the foregoing tests, with a single exception, the marl was of no 
benefit to the crop. In the exception referred to, its beneficial effects 
were probably due to its action upon the organic matters of the soil, 
This will more clearly appear from the results of the following tests 
made at the lower farm. In 1888 two plats (duplicates) were dressed 
with 900 pounds marl each and planted in cotton. Cowpeas were 
drilled in between the rows at the last working given the cotton. In 
the fall, after the cotton was picked out, the plats were seeded in oats, 
In the spring of 1889 the oats were turned under, and peas were again 
planted without manures of any kind. In the fall the peas were 
plowed under and the plats were seeded in oats. In the spring of 
1890 the oats were turned under and the plats were again dressed with 
900 pounds of marl and put back in cotton. It is well known that eal- 
careous manures act beneficially upon leguminous crops, such as peas, 
clover, ete. It was expected of this test, first, that the heavy dressing 
of marl would greatly improve the several crops of peas and, therefore, 
aid in supplying a large amount of vegetable matter to the soil and at 
the same time hasten its decomposition; and second, that this vegeta- 
ble matter would, in its turn, cheaply furnish nitrogen to the cotton 
crop, and improve the physical properties of the soil. It will be 
noticed that marl was the only fertilizer used, that the plats were 
in peas without cotton in 1889 and unmanured, and that when planted 
in cotton in 1888 and 1899 each received 900 pounds of marl per acre. 
It will be interesting to compare the results with some already noticed. 

Average yields of lint per acre at the lower farm in 1890. 
Pounds. 
Unfertilized (in cotton in 1888 and 1889, unfertilized each year).... 86 


900 pounds of marl (in cotton in 1888 and 1889, with 900 pounds marl 


PRBMMEVORTY) ./Gcces ass dees idcowagiian sae acwiccmtn rene asmmunsee aes mmaee 71 
Full doses of nitrogen, phosphoric acid, and potash (1888 and 1889— 

BANC CLOD DIY AOVOIZOTS) so ccad wncodcdnenewenierawcetsacees bacoee 392 
900 pounds of marl (1888 cotton with 900 pounds marl; 1889 peas only 

mniertHized) ....<<66 22s ie daeoee Cudcanibve duce nwsemeacmet ames oneamk eee 


The figures are surprising. While the marl used alone was clearly 
of no value to the cotton, in connection with the vegetable matter of 
the peas and oats it increased the yield more than tenfold, and gave 
returns nearly equal to those of the full doses of nitrogen, phosphoric 
acid, and potash. 

The tests of this series go to show that lime in marl, whether used 
n small or large doses, is of little value to cotton in the absence of 
organic matter, but that where this is present it acts beneficially; also 
that it can be used with decided advantage upon the pea crop. 


EFFECTS OF COPPERAS. 


Articles have been repeatedly published in Southern agricultural 
journals asserting that copperas would prevent the rusting of cotton. 
Such claims are opposed to the opinion generally held that sulphate of 





































Wir 





ots 
vil, 
sts 
ed 
TO 
In 


US. 


23 


iron (copperas) acts injuriously in the soil. In order to test them, dif- 
ferent amounts of copperas were applied each year with full doses of 
nitrogen, phosphoric acid, and potash, with the following results: 


Pounds. 
WNGORG COP DOSEN cso ecs dsc csi wccdsdwcnemecanuseuteasousseo sane 318 
With 100: pounds Of COppetas icics das ciicn ca cocuceuasadeeceee seme eeeee 
Witit 00 POUNAS GF COPNGERS: oc .cc ec ens codwacnuvawemanacaeees 507 


It is evident the copperas produeed no effect, either beneficial or inju- 
rious, upon the crop. 


THE BEST TIME FOR APPLYING NITRATE OF SODA. 


There is considerable difference of opinion as to the best time for ap- 
plying nitrate of soda. It can, of course, be most economieally applied 
with the other fertilizers at the time of planting. It is objected 
to this, that there is danger of the nitrate being washed out of the 
soil by heavy spring rains before the crop is sufliciently advanced to 
assimilate it. Others hold that it can be more effectively applied in 
one or more top-dressings. A numberof experiments bearing upon this 
question were begun at the lower farm in 1889. The full doses of potash 
and phosphoric acid werein every case used with the nitrate of soda. 

Nitrate of soda containing the fall dose of nitrogen was applied at 
different times, as follows: All at time of planting; half at planting 
and half in one top-dressing; all in one top-dressing; all in two equal 
top-dressings. From the results of the tests it appeared that nitrate 
of soda can be applied as effectively, and certainly more economically, 
with the other fertilizers at the time of planting, as it can in one or 
more top-dressings. 

METHODS OF APPLYING FERTILIZERS. 

In the South the fertilizers used on cotton are generally applied in 
the hill or drill before or at the time of planting. Whether drilling 
will, under all circumstances, give better results than broadcasting is 
a question not yet decided. Ourtests bore upon it. Applications con- 
taining both the full and half doses of nitrogen, with full doses of 
potash and phosphoric acid, were tested at both farms. The nitrogen 
was furnished by cotton-seed meal. The applications containing the 
full dose gave results as follows: 


Pounds. 


FS PI 5c Ses sacle coro taeie uae cide aare Waa we aata qetalere: os epee ane kere 312 
BEORGCSEE conc cccnccoss cin quasadsecmag det migennce auc cede eae 303 


It is evident that the two applications gave about the same results. 
The applications containing the half dose of nitrogen gave results as 


follows: 
Pounds. 


WOU 5 is oe ce awe owdbam ds ualewe uc owcucts cone cinc es mobeerrulu ee eens 343 


Broadcast ..... Side Oe oeee ced vwwwaca vveg Jeemaendv snes cant oes aamedes 245 
The difference in favor of drilling amounted to about 100 pounds of 
lint per acre at each farm, 
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Other combinations of fertilizers were tested in the same way at the 
lower farm. The results showed that where liberal amounts of fertil- 
izers were used one method was certainly as effective as the other, 
but where smaller amounts were employed the tests appeared to favor 
drilling. 


THEORETICAL AND ACTUAL YIELD OF LINT PER ACRE. 


It has been explained that our applications, when full doses were 
used, supplied the amount of potash, phosphorie acid, and nitrogen 
contained in a crop of cotton yielding 300 pounds of lint per acre, 
According to the old analyses and determinations, which we were 
obliged to fall back upon, this crop is made up as follows: Lint 3500 
pounds, seed 600 pounds, leaves 500 pounds, bolls 500 pounds, stems 
1,200 pounds, roots 300 pounds; total 3,400 pounds, containing 52 
pounds of nitrogen, 48 pounds of potash, and 26 pounds, of phosphoric 
acid. Determinations and analyses made by our assistant chemist, J. 
3. McBryde, continued for two years and carefully duplicated and 
checked each season, showed the above figures to be inaccurate, and 
that the crop is made up of 300 pounds of lint, 654 pounds of seed, 
404 pounds of leaves, 575 pounds of bolls, 658 pounds of stems, and 250 
pounds of roots; total 2,841 pounds, containing 46 pounds of nitrogen, 
39 pounds of potash, and 12 pounds of phosphoric acid. The two 
series differ widely in their amounts of stems and phosphoric acid. In 
other respects, the agreement between them is reasonably close. 

The table giving the results of our analyses and determinations 
is of such value in the present connection as to call for its insertion 
here. It was first given to the public in a bulletin of the experiment 
station of the University of Tennessee entitled A Chemical Study of 
the Cotton Plant. 


Fertilizing constituents contained in a crop of cotton yielding 800 pounds of lint per acre. 


| Pounds per acre. 








233 0s +t _ |_—______-- ee ] eS ee 
Fertilizing constituents (cal- | yn 300 | Inés | In404 | In575 | In658 | In250 | In2,841 
culaved). | pounds | pounds |; pounds | pounds pounds | pounds | pounds 
| lint. | seed. bolls. | leaves. stems. | roots. ‘totalcrop, 
iach maeciaseeieaeneoee teenies ia es - nen tienda a _ 
} { } 

Rani ie con 8 | 0.72] 20.08 | 4.50 | 13. 85 | 5.17 1.62| 45.94 
Phosphoric acid, P,0,-..-..-.-- 0.18 | 6. 66 | 1.14 | 2. 57 1. 22 | 0. 38 | 12.15 
MRE EGO sos co. c0cbasses~s 2.22 7. 63 12. 20 | 6.57 7.74 | 2.75 39. 11 
Soda, Na,O...... eel 0. 08 | 0.12 | 0.19 | 1.61 | 0. 65 | 0. 38 3. 03 
Lime, CaO ...... 0. 46 | 1. 22 3. 75 31. 57 | 5. 59 | 1.36 | 43. 95 
Magnesia, MgO. 0.41 | 3. 26 | 1. 01 5.73 2.43 | 0. 80 | 13. 64 
Sulphuric acid, SO 0.26} 0.84 | 1,75 3. 38 0.74/ 0.28 7.25 
Insoluble matter ...... a 0. 08 | 0.15 | 1.14 6. 43 0. 89 0. 55 | 9, 24 

| | 











Confining our attention for the present to the old analyses, it will be of 
interest to inquire as to the correspondence between the expected and 
actual results of the applications. As already stated, after examining 
the soils of the two farms and inquiring into their history, we assumed 
that they would produce, without manures of any kind, about 50 pounds 
of lint per acre. It will be seen from the figures that they gave some- 
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what better results than this, their average produce of lint for the three 
years amounting to 74 pounds at the upper farm and 96 pounds at the 
lower, or an average of 85 pounds for the two farms. The full applica- 
tions furnished amounts of the three constituents sufficient, theoreti- 
cally, to produce 300 pounds of lint per acre. Hence, the crops should 
have averaged for the three years 374 pounds of lint at the upper farm 
and 396 pounds at the lower, or 385 pounds for the two farms. 

It will be remembered that mixed nitrogen in stable manures and 
nitrate of soda, and organic nitrogen in stable manure, and dried blood, 
gave the best averages. Their results may be compared with the above 
figures as follows: 


Pounds. 
EXMOCtOG ClOW Ss cccnecae uses tiatpe Secdenkascua smadeseademetlnoa aes 385 
Stable manure and nitrate of soda... 0.6 cose ceccne ccceccus coucw ee 
RS TADTOTO ooo desc Vide cadedd wodeees cians Cae ane nee eee 392 
PIDIOU AGO 255 6S Co eeh aw Bcsssa ded Wane Oe Snaddawennedelaseenaes eee 


Two of the applications actually gave the expected averages at both 
farms, and the third gave it at the lower. 

It has already been observed that either increasing the amount of 
nitrogen or potash by as much as 100 per cent or decreasing it by 50 
per cent was without effect upon the crop, but that it quickly responded 
to any change in the soluble phosphorie acid. By way of additional 
confirmation of this statement, and in order to show the difference 
between the expected and actual results of the several applications of 
commercial fertilizers, it may be well to submit a few more comparisons, 
Excluding, therefore, the stable manure and cotton seed, the average 
of the applications containing the full doses of the three constituents 
(the phosphoric acid in soluble form), the average of those containing 
half doses of potash or nitrogen together with full doses of the other 
constituent and of soluble phosphoric acid, and the averages of those 
containing double doses of potash or nitrogen, together with the full 
dose of soluble phosphoric acid and the full or double dose of the other 
constituent, may be compared as follows: 


Pounds. 
TEEPOCOE CROP: <5 soca cewiccs cadence voaceseceussandecnensecsuetanwens 385 
Average of full dose of three constituents..........2..0. 22-202 oe 328 
Average half dose of nitrogen or potash...............222. e220 cee 316 
Average of double doses of nitrogen or potash or both............. 289 


It will be noticed that the three averages fell considerably below the 
expected or theoretical crop. 

The average of the several applications containing double doses of 
soluble phosphoric acid, together with full doses of the other two con- 
stituents, or the full dose of one and double dose of the other, corre- 
sponded almost exactly, on the other hand, with the theoretical average, 
as appears from the following: 


Pounds. 
DERVOOUAG ORO oe ccs dienes onncccapeeds cacdsndacwucwwseantevwaanden 385 
Average of double dose of soluble phosphoric acid................. 386 


The agreement between the combined averages is perfect, 
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It is known that fertilizers produce their full effects only in good sea. 
sons. The tests showed that 1889 was the most favorable of the three 
seasons at the upper farm, and 1890 the most favorable at the lower 
farm. It may be asked, How would the comparisons of the actual and 
expected results stand for those years? It is noteworthy that the un- 
fertilized plats averaged 86 pounds of lint per acre at the upper farm in 
1889, and the same number of pounds at the lower in 1890. The several 
applications were therefore expected to show 386 pounds of lint per 
acre at each farm for the years named. Comparing with this five of 
the applications containing full doses of nitrogen, phosphoric acid, and 
potash, we have: 

Average yields of lint per acre on two farms. 


| Upper Lower 


| farm, 1889.' farm, 1890, 





| Pounds. | Pounds 





EOD oat ce Sone n ad wana cseaaeh sos aaa hase peeeaen Ea Sotaee een temo { 386 | 356 
NS oc iodo cdins h-chie'seccecs > Aram RO ee Pere eee 366 | 410 
PAOD oon cna be caeavu co Hones geniece cos sane eb eee ee emus nceunwaddva te: | 348 | 392 
STMT ioc cia x tar cee cise eine Kee FG oasis © sins op eiaMenace ges senses hisgnemen 352 | 355 
Dh oi. c= iw ann Saws owe cman wis tons oon sisweties cin Dewogsubin Roma oenineecr wean cae { 371 | 406 
RM MUMMIES 0 dca cide au cecnaan Moavin Sa eisina pe OeR Mb Sem Meee ce a> sacen ab es haar | 360 | 875 





Whether we consider the correspondence between the assumed and 
actual yields, between the results of the same applications at the two 
farms, or between the results of the several applications at each farm, 
the agreement in the figures is surprising—closer could not be expected 
in work of this kind. In no case does the difference exceed the prob- 
able error. 

CONCLUSIONS. 

Carefully studied in all their bearings the results of our tests of fer- 
tilizers warrant the following general conclusions: 

(1) Cotton requires nitrogen, phosphoric acid, and potash. 

(2) Of the three, phosphoric acid is relatively the most important 
and controls the action of the other two. It can be used alone with 
some advantage to the crop, but much more effectively in connection 
with potash and nitrogen. 

(5) Nitrogen is relatively more important than potash. It can only 
be advantageously used in combination with phosphoric acid, or phos- 
phoric acid and potash. 

(4) Potash, like nitrogen, is of little value to cotton when applied 
separately; it must be combined with the other constituents. 

(5) Expressed in terms of the old analyses the proportion and amounts 
of nitrogen, phosphoric acid, and potash required, are as follows: 

3etween one fourth and one half nitrogen, about 2 phosphoric acid, between one 
fourth and two fifths potash. 

Or, stated in terms of our later and corrected analyses: 


Between three sevenths and four sevenths nitrogen, about 4} phosphoric acid, be- 
tween one third and one half potash. 
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With proper allowance for the cost as well as the effect of each appli- 
cation, the requirements may be more exactly given as follows: 0.43 
nitrogen, 4.16 phosphoric acid, 0.38 potash. In other words, the 
required proportion is, 1 nitrogen, 2} phosphoric acid, and ? potash, and 
the amounts called for by a crop yielding 300 pounds of lint per acre 
are, nitrogen 20 pounds, phosphoric acid 50 pounds, and potash 15 


pounds. 

(6) The amount of phosphorie acid determines the amount of nitro- 
gen and potash; with a given amount of the first, only certain amounts 
of the last two ean be profitably used. 

(7) The amount of phosphoric acid and proportionate amounts of 
nitrogen and potash can not be indefinitely increased with the expecta- 
tion of obtaining a corresponding increase in the crop. The gain in 
crop does not keep pace with increase of fertilizers, and a point is 
speedily reached beyend which this gain is not sufficient to mect the 
additional cost of the heavier applications. The soil can not be profit- 
ably forced; the application of fertilizers must be regulated by its 
mechanieal as well as chemical condition. 

(8) Potash can be as effectively supplied by muriate of potash or 
kainit as it can by sulphate of potash. This is opposed to the view 
which regards the chlorides of the two former as injurious, and there- 
fore holds that the higher priced potash of the latter is to be preferred. 
Since equivalent amounts of potash in the three kinds are of equal 
value to cotton, the choice of the farmer must be determined by their 
relative cost. At present prices, and especially when the matter of 
freight is considered, the potash of the muriate is the cheapest. 

(9) Phosphoric acid is of value to cotton in proportion to its solubil- 
ity; hence the several kinds of phosphatic manures can not be indif- 
ferently employed. Preference must be given to acid phosphates 
containing considerable percentages of soluble phosphoric acid. In- 
soluble phosphoric acid in slag, floats, or marl is of little direct value 
to the crop upon which it is applied, and even granting that its effects 
in the soil may be lasting, they are not, in the long run, sufficiently 
pronounced to meet the interest on the capital invested in the applica- 
tion. Speculating in futures is not a safe business. According to the 
best agricultural experience of our day, the better plan is to use only 
such fertilizers as will meet the demands of the crop upon which they 
are applied. 

(10) Inorganic, organic, and mixed nitrogen are of very nearly equal 
value to cotton. The slight difference is in favor of the last two. 
Stable manure containing organic nitrogen is the best fertilizer of its 
class, and is lasting or cumulative in its effects. The organic nitrogen 
of stable manure to the amount of 50 per cent can be fully replaced by 
the inorganic nitrogen of nitrate of soda. 

Of the commerciakforms of nitrogen, among which the farmer has to 
choose, the organic nitrogen of dried blood is perhaps the best, and at 
present prices the cheapest. As between cottou-seed meal and cotton 
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‘seed there is a slight difference in favor of the former. Whole cotton 
seed is as efficacious as ground cotton seed. Inorganic nitrogen in 
nitrate of soda is about as valuable to cotton as organic nitrogen in 
cotton seed or cotton-seed meal. 

(11) Used alone or in combination with commercial fertilizers the 
lime of mar! is of no direct value to cotton. Mixed with acid phosphate 
it may even act injuriously by retarding or preventing its solution in 
the soils. Applied upon leguminous crops, such as cowpeas, vetch, 
ete., which are to be turned under as a preparation for cotton, its indi. 
rect value is great. 

(12) Applications of copperas are without effect upon cotton. 

(13) Nitrate of soda should generally be applied with the other fertil- 
izers at the time of planting. 

(14) Fertilizers may be indifferently drilled or broadcasted where 
they are liberally applied, but drilling is to be preferred where small 
amounts are employed. 

(15) The foregoing conclusions of course apply only to soils similar 
in character and condition to those tested at our two farms. Of these 
the lower was light and sandy; the upper contained a considerable per- 
centage of clay. Both were quitethin. They fairly represented, there- 
fore, large and different classes of Southern soils. When it is also 
stated that the seasons of the three years varied greatly and that the 
results of the corresponding tests closely agreed at the two farms, it 
follows that the conclusions admit of fairly wide application. 


PRACTICAL APPLICATIONS. 


It may be asked by the farmer, How can the required amounts of 
nitrogen, phosphoric acid, and potash be supplied? Suppose the choice 
of materials to be limited—that only cotton seed, kainit, or stable 
manure can be obtained. The following tabular statements will fur- 
nish useful guidance in the work of preparing composts or mixing fer- 
tilizers. The first gives the average percentages of nitrogen, phos- 
phoric acid, and potash in different fertilizing materials. 


Average percentages of nitrogen, phosphoric acid, and potash-in different fertilizers, 


a an oe ay ie : 
= sy: vr: | spho 
Fertilizer. Nitrogen. | Phosphoric Potash. 


acid. 


Per cent. | Per cent. | Per cent, 


Sulphate of ammonia | 20. 50 | 
Nitrate of soda | 5. 75 | 
Dried blood . 00 
Cotton-seed meal ; 
Cotton seed 

Stable manure 

Dissolved boneblack 

sein cicldlccbnsdisescduwarcokoekhiahsobeccewenscuetssenslennsbasasdes 
Basic slag 

Floats 

Acid phosphate (with potash) 

Cotton-seed hull ashes 

Eitan Soca toun ese pip srlkes chee oo ekeeene Wardens vasaeneons os | 
Muriate of potash ! 
Sulphate of potash 
Kainit 
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The figures represent, in each case, the averages of many analyses. 






Suppose it is wished to use nitrate of soda. It contains, according to 
the tabular statement, 153 per cent of nitrogen, and it will be found, by 
a very simple calculation, that 127 pounds will furnish the required 
dose of nitrogen, 20 pounds. If cotton-seed meal is preferred, a similar 
calculation will show that 285 pounds will give the required amount of 
nitrogen, and also 7.8 pounds of phosphoric acid and 4.9 pounds of 
potash. According to the above percentages the remainder of the 
phosphoric acid and potash required can be supplied by 281 pounds of 


acid phosphate and 92 pounds of kainit. 


The number of pounds of nitrogen, phosphoric acid, and potash 
required by a crop of cotton yielding 300 pounds of lint per acre, are 


supplied by each of the following formulas: 


Formulas required by cotton. 


MURINIGIOF DOLRSIN: 260 Sasioceccncsncseweteounenssacasaueas 

12 Acid phosphate (16 per cent of phosphoric acid) .......-.. 
\ Nitrate of soda (16 per Cent OF NiWOSON) .c6cicccesediseen 
METI: Of POURR cds sc.0/ cule vals cui otvew sc caves maae isedae 

24 Acid phosphate (15 per cent of phosphoric acid)........-. 
DEIGGSBIODE 32s oe dowcus chareveneeseMysavwexsees senses ane 
MGMIALG OL DOGRRD 5 6: cccec'sndacadeaaal dw nmecieaniieoe eascen sar 

3 Acid phosphate (15 per cent of phosphoric acid) ......... 
{ COULON-ROGH WERE 2 oc ends cceucsactasaaecavudeaesncasadeoe 
Murigte Gl PAGS 2. os%s Scescccmsccicsssiemectuswascenes ae 

d< Acid phosphate (with potash)... 12% ccicccccacewesces 
ai MI cis cc cundcanssetevpusvussareeneaueeeat 


5< Acid, phosphate (15 per cent of phosphoric acid) ........ 
CORMGn-BOOW WMEDN (cccs accaacwancwesss onssjascancese 

e WP OGH SGUON CRINIGACHEO))...62 265s ces clcow taschocn ceases 
6! Acid phosphate (15 per cent of phosphoric acid)......... 
COGEON-BOOR: NGG wie canis duans cawocndsuesewetweke biesesmeeue 
WORN SS aloels oxcc dub dar ade oe aclicaemee wae e ce saelece a aee 

73 Acid phosphate (15 per cent of phosphoric acid)......... 
} UNSERE OW HOOG o.oo Soe bon aues ccc tetiew sede eawecdacesosees 
{ 


PIGNMa MEMEO: OS, Sc aaa uawtanes andemec ace asiaeecanae 
aieaoda pounds.. 


saeueaan GGsi25 


MUPiALE Of PGLAANS 33. cccsecs vse nsciwssoasonecsnereseses 

} Acid phosphate (15 per cent of phosphoric acid) ........ 

} Wikrate Of 0008 s..000 sonicevecrnccncsween cncendsencsuses 
COGN RODE s «cosas ede dene sectiesdeus eaecdecenadesenes 
RRQRM ro cis gio ois idasrananowiew a acacdsduedea teen aaa oaan ead 

| Acid phosphate (15 per cent of phosphoric acid) ........ 
V.Gotton-headimeal <5. fccceasl os wcsiesnotcamecseseasene ee 

( Cotton GOSS ogc ures Son ened abe ac dane ct aot ease 
MMIC osc icd os pice Sin kat has wea aaa see ae aneuceaiacaaaae 

10, Acid phosphate (15 per cent of phosphoric acid) ......-.. 
COC RRO is coca tine dons addscexrdsesgneasas Saswsabaee 
- phosphate (15 per cent of phosphoric acid) .......-. 
BES WiEAtG G8 GU0Ms soo noncs or sewecs saosssasnecs tieeaewerecs 
ROIS WAN OU oa occ ncedenencndasnok Jugneos sees cota aeeas 


Lvidindcrane dos... 
ian wae tons.. 


pounds... 


als aiatetetat esse 


cia gecven Sorat Goan 
Drei acatgalere kee 
dob hae OOiaes 


Smeg OOscas 


Le dbrenray esses 


pounds.. 


cheomaiaaae GGvcc< 


pounds.. 


f Ammoniated acid phosphate with potash, containing, nitrogen, 4 per cent 
12 (equal to 4.85 per cent ammonia); phosphoric acid, 10 per cent (nearly 


all available); and potash, 3 per cent........---------- 


pounds.. 


30 
312 
125 


2, 
Jv 


334 
167 
20 
281 
286 
10 
312 
286 
45 
261 
286 
167 
261 
286 
58 
300 
70 
1 
20 
800 
64 
234 
64 
273 
143 
134 
45 
264 
263 
266 
13 


500 
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No. 1 is the formula used in our tests. The materials cost about 
$4.50. Where commercial fertiiizers are employed No. 2 will give the 
best results. Cost, about $4.25. 

When dried blood can not be obtained it can be replaced by cotton- 
seed meal, as in No. 3. Cost, about $4.70. 

According toe the late reports of State chemists, the acid phosphates 
offered for sale in our markets contain, on the average, 15 per cent of 
total phosphoric acid. There is, unfortunately, some confusion in the 
nomenclature of the phosphates. The term acid phosphate is applied 
by some manufacturers to dissolved phosphatic rock containing small 
percentages of potash. Without the potash the fertilizer is indifier- 
ently called dissolved bones, superphosphate of lime, acidulated rock, 
etc. At the North the last kinds are called plain superphosphates, or 
acid phosphates—a better term. 

It is sometimes difficult to get the plain acid phosphate—that is, an 
acid phosphate without potash. In this case No. 4 should be used. 

In the neighborhood of the oil mills cotton-seed hull ashes can often 
be bought at moderate prices and may be advantageously substituted, 
as in No. 5, for the muriate of potash in No. 3. Cost, about $4.75. 

When the wood ashes of the household fires are carefully saved, they 
may in turn replace the cotton-seed hull ashes, as in No. 6, and reduce 
the cost to $4.30, 

In No. 7 half the required amount of nitrogen is furnished by nitrate 
of soda and half by stable manure, and the potash chiefly by kainit. It 
will be remembered that mixed nitrogen gave excellent results. The 
materials, exclusive of the stable manure, will cost about $3.25. 

In No. 8 the potash is supplied by muriate of potash, and the stable 
manure is replaced by cotton seed. The cost, exclusive of the cotton 
seed, is about $3.05. 

In No. 9 kainit replaces the muriate of potash in No. 8, and cotton- 
seed meal the nitrate of soda. Cost, exclusive of the cotton seed, about 
$3.25. 

No. 10 may be used when there is an abundance of cotton seed. 
Excluding the cotton seed, the other materials will cost about $1.70. 

If, on the other hand, the supply of stable manure is abundant, No. 
11 may be used with advantage. The materials, exclusive of the stable 
manure, will cost about $1.70. 

If it is desired to use a manufactured article, one containing the per- 
centages of No. 12 should be ordered. 
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